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For managed grasslands, prescribed burns are a method to manage species compo-
sition by preventing crowding by bunch grasses and woody encroachment. While
dormant-season (spring) burns are routinely performed, managers have recently in-
troduced growing-season (late summer/fall) burns to prairies in east-central Illinois.
The purpose of this study was to compare the effects of dormant-season and growing-
season burns on vegetation structure and associated avian diversity. Specifically,
objectives were to determine if: (1) Growing-season burns increase bird diversity or
density of rare/declining species relative to dormant season burns; (2) Growing-season
burns cause more bare ground to open and reduce litter and woody species relative
to dormant-season burns; and (3) Growing-season burns improve vegetative diversity
or habitat quality relative to dormant season burns.
In four managed grasslands, paired plots were designated for seasonal prescribed
burns during 2016 such that one of each of the paired plots was scheduled to be
burned in the spring (dormant season) and one was scheduled to be burned in the late
summer/fall (growing season). Composition was determined by point count surveys
for birds and randomly placed one m2 plots for vegetation. Vegetation was assessed
by species present, percent coverage, and estimated height. The bird census included
birds flushed and birds present in the plot as well as birds that entered the plot during
each survey. As a result of unperformed burns and alternative management methods
like spraying on some research plots, I performed a restricted analysis on four paired
plots that were subjected to planned dormant- and growing-season burns. In order to
determine the effects of growing-season burns, I also performed a restricted analysis
using all plots that received this type of burn. I used analysis of variance (ANOVA)
on plant cover, plant species richness, and bird species richness for both analyses.
I expected the vegetation in plots subjected to growing-season burns to have
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greater species diversity but expected plots experiencing dormant-season burns to
have greater percent cover and height because of the reduction of bunch grasses in the
plots receiving growing-season burns. I also anticipated bird diversity to vary between
the two types of plots. When comparing pre-burn (2016) to post-burn (2017) bird
densities for plots burned during the growing season, I found statistically nonsignifi-
cant increases in certain desirable bird species like bobolinks (Dolichonyx oryzivorus),
field sparrows (Spizella pusilla), eastern meadowlarks (Sturnella magna), and dickcis-
sels (Spiza americana), but a decrease in northern bobwhites (Colinus virginianus).
When comparing dormant- to growing-season burns (2017), growing-season plots had
non-significantly higher densities of bobolinks, field sparrows and grasshopper spar-
rows but lower densities of bobwhite, dickcissels, and meadowlarks. Both dormant-
and growing-season burns showed an increase in bare ground opening and a decrease
in litter and shrubby species, but growing-season burns had a larger overall increase in
bare ground. Graminoids generally increased after the dormant-season burns. While
graminoids did not decline in cover as a result of the growing-season burn, species like
Canada wild rye (Elymus canadensis), timothy (Phleum pratense), and various sedge
species (Carex spp.) did decrease. The plant communities tended to shift toward
disturbance-tolerant species like Canada goldenrod (Solidago canadensis), annual rag-
weed (Ambrosia artemisiifolia), and sweet clover (Melilotus spp.) with a more diverse
community in the 2017 season after both dormant- and growing-season burns. Thus,
growing-season fires are useful for satisfying certain management objectives, and tend
to vary only slightly from dormant-season fires, at least in the immediate aftermath of
the burns (i.e., the first year or two after the burns). Also, growing-season burns offer
advantages such as better weather for prescribed burns and logistic flexibility. Thus,
growing-season prescribed burns can be used as a tool alongside dormant-season burns
and mixed-management models. Further research would be desirable to determine
more applications with a focus on longer-term post-burn monitoring.
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Introduction
Before European colonization, grasslands composed two-thirds of Illinois (Whitney
1876). Due to the effects of urbanization and agricultural practices, it has been
estimated that less than 0.1 percent of the original prairie remains in Illinois and
elsewhere in the Midwest (Menges 1995). As a result of intensive agricultural practices
and housing development (Radeloff 2005), the remnant grassland areas are often
severely fragmented. Farms have been consolidated, increasing rowcrop field size,
and decreasing natural habitats (Best 1995). Interest in native habitat restoration
was not widespread until the early twentieth century as people noticed large tracts of
land disappear (Shirley 1994). With respect to restoration projects, grasslands appear
more prominent based on the low economic cost and the physical and aesthetic value
resulting from prairie restorations (Brothers 1990). The best way to restore prairies
and grasslands is dependent on the site history and specific management goals.
Prairies were historically maintained by fire (Axelrod 1985) and grazing. Present
day management often replaces the effects of grazing with mowing and may com-
bine mowing with herbicide application. Prescribed fire is preferred to promote na-
tive species cover, and to promote greater species richness when paired with grazing
(Brudvig 2007). Prescribed burning alone increases grass cover but reduces species
diversity by clearing areas of forbs and woody species encroachment (Collins and
White 2011).The routine season for prescribed burns takes place during early spring,
known as the dormant season. While prescribed fire had once been thought of as a
tool to prevent recruitment of invasive species, recent studies have shown that fire
reduces exotic grass presence, leaving a gap to be opportunistically filled by other
invasive species (Tilman 1997; Marty 2015).
Recent studies have examined the effects of burnS occurring during the late sum-
mer or early fall (referred to as ‘growing-season’ burns) on vegetation and bird diver-
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sity in coastal or international grasslands (Sluis 2002; Ford and Johnson 2006; Reside
et al. 2011). However, the effects of altered burn timing on vegetation and bird diver-
sity in the Midwest have not been extensively studied. Grassland bird diversity and
density are highly dependent on the vegetation structure (Bowman and Harris 1980;
Rotenberry and Wiens 1980). Local biologists and natural resource managers per-
form dormant-season burns on a regular basis. However, there was a recent proposal
to try a new management method. The Illinois Department of Natural Resources
(IDNR) of Coles County is now conducting growing-season burns, which take place
in the fall while the plants are still active rather than the spring before plants resume
growth. The Coles County IDNR suggested potential use of this method to allow for
advanced planning of resources necessary for prescribed burn operations as well as
more stable climate patterns for better control of the burns in the fall.
The purpose of this study was to address the effects growing-season burns have on
vegetation structure and diversity, grassland bird diversity, and how they ultimately
compare to dormant-season burns. The results of this study will assist biologists,
ecological restoration practitioners, and natural resource managers to determine if
growing-season burns are a method to effectively achieve management goals. Ob-
served increases in biodiversity may suggest a potential to interchange dormant-season
and growing-season burn regimes in order to tackle management objectives, such as
invasive species control (Emery and Gross 2004). Overall effectiveness was deter-
mined by how the burns successfully achieved the following management goals: 1)
successful reduction of woody vegetation and litter; 2) an improvement in vegetation
community diversity; and 3) an increase in grassland bird diversity, especially game
species and regionally rare species.
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Methods
I worked with four different sites located across three counties in east-central Illinois.
Each of these sites contained a prairie area that spanned at least 3.2 hectares. All
sites were managed by the Illinois Department of Natural Resources (IDNR) and
were bordered by wooded areas or agricultural fields. None of these sites had been
managed with a growing-season burn in their history.
Paul C. Burrus Habitat Area, Coles County, IL
The Paul C. Burrus Habitat Area (hereafter Burrus) encompassed three burn units,
and six plots, in this study. The northern and southern areas were bordered by
forests while the middle unit was bordered by agriculture on all sides. The area is
actively used for hunting. This was the largest area included in my study with a
total of 13.35 hectares of research area. Due to conservation program enrollment
contract requirements, Burrus did not receive the management methods sought in
this research in full. In spring 2015, the entire Burrus unit 1 (Fig. 1) was burned
as part of the program management. The entire unit 2 was sprayed with a mixture
of 2,4-D and glyphosate to reduce woody shrubs and invasive plant species in the
spring of 2017 and was not burned in 2016. Burrus unit 3 was 100% burned on 22
September 2016. Although the Burrus area was previously planned to follow the same
management methods as the rest of the study sites, contractual program needs and
management logistic limitations resulted in a mixed-management reference site. As
a result, only Burrus unit 3 East and West were used in restricted analysis of the
effects of growing-season burns.
3
Figure 1: Paul C. Burrus Habitat Area. The ‘Sp’ and ‘Su’ refer to the originally planned
burn timing with ‘Sp’ for spring and ‘Su’ for summer. Burrus 1 Sp and Su were both burned
in 2015 prior to this study. Burrus 2 Sp and Su were both sprayed with herbicide in spring
2017 to reduce woody vegetation and invasive plant species. Burrus 3 East and Burrus
3 West were burned in September 2016 during the growing season. The highlighted plots
were used in the restricted analyses in this study.
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Larry D. Closson State Habitat Area, Douglas County, IL
As the second largest area in this study, the Larry D. Closson State Habitat Area
(hereafter Closson) provided six sampling plots across three burn units. The research
plots here were bordered by varying proportions of agricultural fields and forest.
Closson also contained a wetland pond in the northwestern corner of the site. The
site provided 11.74 total hectares for research. The entire southeastern half of the
south unit (see Fig. 2 below) was burned on 18 March 2016 for the dormant-season
burn treatment. Closson’s entire northeastern unit was a wildlife food plot and was
burned on 20 June 2016, with the eastern dormant-season unit being 100% burned
and the western growing-season unit roughly 80% burned. Finally, the southwestern
growing-season unit was 100% burned on 6 September 2016. The southwest and
southeast units were analyzed in restricted analyses as a successfully completed pair
of contrasting burn treatments as well as the southwestern unit being included in
a restricted analysis of growing-season burn effects. As a result of the entirety of
the northeastern unit being burned, it was removed from restricted analyses. The
northwestern wedge was split into two plots resulting in areas too small for this
study.
Hindsboro Pheasant Habitat Area, Douglas County, IL
Hindsboro Pheasant Habitat Area (hereafter Hindsboro) is a short distance away from
Closson yet had different features. Hindsboro was the smallest of the study areas with
one extensive burn unit broken into two research plots. The southern and eastern
edges of the unit were bordered by forest whereas the northern and western edges
were bordered by prairie. Unlike the other study areas, Hindsboro research units
were enclosed by forest edge and not immediately accessible by vehicle. The area for
research covered 3.24 hectares. Hindsboro was completed as planned with the eastern
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Figure 2: Larry D. Closson State Habitat Area. The ‘Sp’ and ‘Su’ correspond to burn
treatment timing per original design. ‘SE’ and ‘SW’ correspond to southeast or southwest
units as ‘NE’ refers to northeast units and ‘NW’ to northwest. The ‘DS’ is the dormant
season plot burned in March 2016. ‘GS’ is the growing season plot burned in September
2016. The highlighted plots were used in the restricted analyses in this study.
unit (see Fig. 3 below) having the dormant-season burn on 8 March 2016 with 100%
coverage. The western unit growing-season burn was also 100% completely burned
on 7 September 2016.
Willow Creek Habitat Area, Edgar County, IL
Willow Creek Habitat Area (hereafter Willow Creek) is the only research area used
in Edgar County. Willow Creek was composed of two central burn units, providing
four adjacent units. The western units were bordered by agricultural fields and the
northern and eastern extents were bordered by forest. The center has an empty
creek bed running west to east as a natural division. The research area included 9.72
hectares.
The northeast and southeast units were burned with 100% coverage on 21 March
2016 as dormant-season plots (see Fig. 4 below). The growing-season burns on the
northwestern and southwestern units were executed on 13 September 2016. Both
western growing-season plots had 60% burn completion.
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Figure 3: Hindsboro Pheasant Habitat Area. Hindsboro East was treated with a dormant
season burn in March 2016. Hindsboro West was burned during the growing season in
September 2016.
The original study design utilized a paired-plot study design. For the purposes
of this study, each site had a burn break created down the middle, dividing the unit
into two equal-sized research plots with each half comprised of at least 1.6-2 hectares.
One plot of each pair of plots was to be burned during the dormant season and the
other half during the growing season of 2016. Data collection consisted of bird and
vegetation surveys collected during the months of June-August of 2016 and 2017.
Bird surveys were conducted with fixed-radius point counts. The points were cen-
tralized within each burn unit and included a 50-meter radius. The surveys included
three minutes of wait time and five minutes of active surveying on each unit. Bird
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Figure 4: Willow Creek Habitat Area. The ‘NE’, ‘NW’, ‘SE’, and ‘SW’ refer to the cardinal
directions of northeast, northwest, southeast, and southwest respectively. The Willow Creek
NE and SE units were treated with a dormant season burn in March 2016. Both NW and
SW units were subjected to growing season burns in September 2016.
surveys were conducted weekly in June, bi-weekly in July, and once in mid-August
for each year of the study. Furthermore, the bird species detected and used in my
analysis have been defined as priority species by the IDNR Division of Wildlife Re-
sources for grassland bird surveys (B. Eubanks, personal communication, September
5, 2018). Vegetation surveys were conducted monthly during June, July, and August
of 2016 and 2017. These surveys consisted of 15 samples, each 1 m2, per plot. Each
of these 1 m2 sample plots were measured for vegetation height in centimeters, litter
depth in centimeters, percent cover estimates for various vegetation cover classes, and
a species inventory. Vegetation cover classes used for estimation were amount of bare
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ground, litter layer, graminoids, forbs, legumes, and shrubs. Vegetation transects
were selected in random directions with the origin being the central point used in
bird surveys.
Unfortunately, there were issues with environmental conditions and management
at the onset of this project. As a result of unforeseen circumstances, only four pairs
of plots were executed according to the original paired plot burn treatment design.
I chose to carry out restricted analyses of two datasets in order to obtain useful
information relevant to this study. I compiled data for the plots that were treated
according to the original design: Closson South Pond, Hindsboro, and the two Willow
Creek pairs. I also created a dataset for each study plot that was treated with a
growing-season burn: Burrus 3 (both east and west units), Closson South Pond,
Hindsboro West, and both Willow Creek western plots.
The objective was to determine what effects the growing-season burns had on
vegetative cover, plant species richness, and bird species richness and to compare
these effects with the effects of dormant-season burns. In order to determine the
effects of the growing-season burns, I used the 2017 survey data for the paired plots
as a result of all seasonal treatments being staggered in 2016. All growing-season
plots had comparisons between the 2016 surveys (pre-burn) and the 2017 surveys
(post-burn). Cover classes were evaluated with a score for a range of cover. The
range extended from 0 meaning no cover present, 1 meaning 1%, 2 for a range of 2-
5% cover, 3 representing a 6-25% cover, 4 showing a 26-50% cover, 5 meaning 51-75%,
6 meaning 76-95%, and a 7 meaning 96-100% of cover in the plot. The units that
received the growing-season burn had cover classes analyzed with a one-way ANOVA
with a blocking effect of site to evaluate if any growing-season burn effect was present
by analyzing between years. I also analyzed the 2017 dormant- and growing-season
burn with ANOVA with blocking by site to identify significant differences as a result
of the burn timing.
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Plant species richness was analyzed using ANOVA with blocking by site to evalu-
ate if growing-season burns had any effect on plant species richness before and after
the treatment. Pairs that were treated according to study design had plant species
richness analyzed with ANOVA with a site blocking effect to determine the difference
between dormant-season and growing-season burned grassland plant communities fol-
lowing these two treatments.
I calculated bird species richness by using the combined sum of counts of all birds
within 50 meters of the census point and converted these totals to average birds/km2
in order to address the repeated measurements for this study. The averaged richness
data were used in the following analyses. The growing-season treatment plots had
bird species richness analyzed by ANOVA with site blocking to determine effects of
the growing-season burns on bird species richness. The paired research plots had
bird species richness analyzed by ANOVA with site blocking in order to distinguish
differences between bird species richness in the dormant-season and growing-season
treatments. All statistics were calculated using R statistical software (R Core Team
2017) and the "vegan" package (Oksanen 2018). All results were analyzed using an
alpha level of 0.05.
Results
Growing-season Pre- vs. Post-burn Comparisons
In the comparison of pre-growing-season burns to post-growing-season burns, the
bare ground cover showed a significant increase post-burn (ANOVA, F1,5=206.92,
p<0,001). Ground litter cover significantly decreased post-growing-season burn
(ANOVA, F1,5=90.96, p<0.001). Graminoid cover did not change between pre- and
post-burn (ANOVA, F1,5=0.895, p=0.345). The forb cover showed a significant in-
crease post-growing-season burn (ANOVA, F1,5=25.09, p<0.001). Shrub cover was
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significantly decreased post-burn (ANOVA, F1,5=6.794, p=0.009). Legume cover sig-
nificantly decreased following the growing-season burn (ANOVA, F1,5=14.94,
p<0.001). Figure 5 (below) shows a comparison of the mean percent cover of the
growing-season vegetation cover classes pre- and post-burn.
Figure 5: Average percent cover of vegetation cover classes pre- and post-growing-season
burn. Pre-burn refers to survey data recorded prior to the growing-season burn (2016).
Post-burn revers to the survey data recorded in summer 2017 following the growing-season
burn.
Plant species richness significantly increased between years (ANOVA, F1,5=53.737,
p<0.001). This increase is shown in Figure 6 below as 6a (left) depicts the species
richness prior to the growing-season burn and 6b (right) shows the plant species
richness observed the summer following the growing-season burn
Many plant species changed in abundance in response to a growing-season burn
(Table 1). The growing-season burn caused an increase in disturbance-tolerant species
like Canada goldenrod (Solidago canadensis), little bluestem (Schizachyrium scopar-
11
(a) (b)
Figure 6: Comparison of plant species richness showing the species richness counts and the
number of samples that richness value was observed. Figure 6a (left) shows the plant species
richness for the growing season preburn plots while 6b (right) shows the species richness
observations of the growing season postburn plots.
ium), white wild indigo (Baptisia alba), annual ragweed (Ambrosia artemisiifolia),
black-eyed susan (Rudbeckia hirta), daisy fleabane (Erigeron annuum), wild carrot
(Daucus carota), yellow-headed coneflower (Ratibida pinnata), big bluestem (Andro-
pogon gerardii), and prairie dock (Silphium terabinthinaceum). Growing-season burns
caused a significant decline in black raspberry (Rubus occidentalis), foxglove beard-
tongue (Pentstemon digitalis), smooth brome (Bromus inermis), various sedge species
(Carex spp.), partridge pea (Chamaecrista fasciculata), Illinois tick trefoil (Desmod-
ium illinoense), hemp dogbane (Apocynum cannabinum), sawtooth sunflower (He-
lianthus grosseserratus) and round-headed bush clover (Lespedeza capitata).
The priority bird species recorded in the surveys were northern bobwhites (Colinus
virginianus), eastern meadowlarks (Sturnella magna), dickcissels (Spiza americana),
mourning doves (Zenaida macroura), field sparrows (Spizella pusilla), bobolinks
(Dolichonyx oryzivorus) and grasshopper sparrows (Ammodramus savannarum). The
grasshopper sparrow was only detected in the growing-season plots post-burn. Bird
species richness significantly increased between years (ANOVA, F1,5=3.521, p=0.016).
Several bird species increased in occurrence following the growing-season burns (Ta-
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Table 1: List of plant species with comparisons of means and significance values (α = 0.05)
pre- and post-growing-season burn. Pre-burn is data from 2016 plots, post-burn represents
the same plots from 2017.
Common Name (Scientific Name) Pre-burn Post-burn p-value
Canada Goldenrod (Solidago canadensis) 0.77 0.96 <0.001
Black Raspberry (Rubus occidentalis) 0.037 0.0037 0.006
Little Bluestem (Schizachyrium scoparium) 0.02 0.17 <0.001
White Wild Indigo (Baptisia alba) 0.007 0.03 0.03
Annual Ragweed (Ambrosia artemisiifolia) 0.067 0.14 0.007
Showy Goldenrod (Solidago speciosa) 0.05 0 <0.001
Common Milkweed (Asclepias syriaca) 0.08 0.07 0.74
Sweet Clover (Melilotus spp.) 0.03 0.06 0.1
Red Clover (Trifolium pratense) 0.015 0.015 1
Canada Thistle (Cirsium arvense) 0.007 0.015 0.41
Foxglove Beardtongue (Penstemon digitalis) 0.07 0 <0.001
Cup Plant (Silphium perfoliatum) 0.2 0.28 0.03
Rosinweed (Silphium integrifolium) 0.26 0.33 0.06
Wild Bergamot (Monarda fistulosa) 0.3 0.38 0.06
Smooth Brome (Bromus inermis) 0.13 0.014 <0.001
Pale Purple Coneflower (Echinacea pallida) 0.19 0.16 0.43
Various Sedge Species (Carex spp.) 0.09 0.02 <0.001
Partridge Pea (Chamaecrista fasciculata) 0.18 0.004 <0.001
Black-eyed Susan (Rudbeckia hirta) 0.06 0.36 <0.001
False Boneset (Brickellia eupatorioides) — — —
Canada Wild Rye (Elymus canadensis) 0.07 0.05 0.36
Daisy Fleabane (Erigeron annuum) 0 0.2 <0.001
New England Aster (Symphyotrichum novae-angliae) 0 0.007 0.16
Wild Carrot (Daucus carota) 0.004 0.03 0.02
Illinois Tick Trefoil (Desmodium illilnoense) 0.54 0.42 0.003
Yellow-headed Coneflower (Ratibida pinnata) 0.1 0.33 <0.001
Indian Grass (Sorghastrum nutans) 0.02 0.03 0.78
Hemp Dogbane (Apocynum cannabinum) 0.05 0.004 0.001
Timothy Grass (Phleum pratense) 0.01 0 0.08
Sawtooth Sunflower (Helianthus grosseserratus) 0.01 0 0.045
Rattlesnake Master (Eryngium yuccifolium) 0.02 0.03 0.43
Lance-leaved Coreopsis (Coreopsis lanceolata) 0.004 0 0.31
Big Bluestem (Andropogon gerardii) 0.01 0.06 0.006
Switchgrass (Panicum virgatum) 0.004 0.004 1
Prairie Dock (Silphium terabinthinaceum) 0.01 0.06 0.004
Prairie Spiderwort (Tradescantia bracteata) 0.007 0 0.16
Compass Plant (Silphium laciniatum) 0.01 0.03 0.2
Illinois Bundle Flower (Desmanthus illinoensis) 0.004 0 0.32
Round-Headed Bush Clover (Lespedeza capitata) 0.02 0 0.014
Shooting Star (Dodecatheon meadia) 0.007 0.014 0.41
Wild Quinine (Parthenium integrifolium) 0.007 0 0.16
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Table 2: List of priority bird species with comparisons of means and significance values
(α = 0.05) pre- and post-growing-season burn. Pre-burn is data from 2016 plots prior to
growing-season burn, while post-burn represents the same plots from 2017.
Common Name (Scientific Name) Pre-burn Post-burn p-value
Bobolink (Dolichonyx oryzivorus) 0.5 0.67 0.771
Common Yellowthroat (Geothlypis trichas) 4 2.5 0.106
Dickcissel (Spiza americana) 9 17.16 0.004
Eastern Meadowlark (Sturnella magna) 2 2.33 0.363
Field Sparrow (Spizella pusilla) 3.8 5.3 0.045
Grasshopper Sparrow (Ammodramus savannarum) 0 0.33 0.175
Mourning Dove (Zenaida macroura) 0 0.16 0.363
Northern Bobwhite (Colinus virginianus) 3.5 3 0.542
ble 2). Dickcissels significantly increased post-burn (p=0.004). Field sparrows also
had a significant increase in occurrence following the growing-season burn (p=0.045).
Northern bobwhites, however, did not respond significantly to the growing-season
burn (p=0.542).
Growing-season vs. Dormant-season Burns
Plots subjected to growing-season burns had over a three-fold greater percent cover-
age of bare ground compared to plots burned during the dormant-season (ANOVA,
F1,3=2,102.768, p<0.001; Figure 7). The litter cover was significantly greater in
dormant-season plots compared to growing-season sites post-burn (ANOVA,
F1,3=37.774, p<0.001). Graminoid cover did not differ between dormant and growing-
season burns (ANOVA, F1,3=0.569, p=0.451). The forb cover was significantly greater
in growing-season burn plots compared to dormant-season burns (ANOVA,
F1,3=7.689, p=0.006). Shrub cover was found to have a nonsignificant decrease be-
tween the dormant and growing-season burns (ANOVA, F1,3=1, p=0.318). Legume
cover was significantly reduced in growing-season plots compared to dormant-season
plots (F1,3=9.624, p=0.002).
Plant species richness was found to be significantly greater in growing-season burn
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Figure 7: Average percent cover of vegetation cover classes in 2017 following the paired
dormant- and growing-season burns. Dormant season refers to the paired plots that were
burned in the dormant season (spring) while growing season refers to the paired plots
exposed to growing season (summer/fall) burns.
plots compared to dormant-season plots (ANOVA, F1,3=10.17, p=0.002). Figure 8
below depicts the comparison of observed plant species richness between paired plots
burned during the dormant-season (8a) and the growing-season (8b).
Table 3 (below) provides a list of plant species means comparing the dormant-
season burn plots and the growing-season burn plots that were executed in 2016
according to the original study design. Growing-season burn plots contained signif-
icantly less Indian grass (Sorghastrum nutans) compared to dormant-season burns
(p<0.001). Common milkweed (Asclepias syriaca) was significantly lower in growing-
season burn plots compared to dormant-season burned plots (p<0.001). Forbs like
rosinweed (Silphium integrifolium), as well as cup plant (Silphium perfoliatum) and
black-eyed Susan (Rudbeckia hirta), were significantly more abundant in the growing-
season burned plots (p<0.001). Black raspberry was nonsignificantly reduced in the
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(a) (b)
Figure 8: Comparison of plant species richness between the paired plots burned in the
dormant season against their respective counterpart treated with a growing season burn.
Figure 8a (left) shows the plant species richness of plots exposed to a dormant season burn
while 8b (right) shows the species richness observed in plots exposed to a growing season
burn.
growing-season burned plots (p=0.32).
Bird species richness showed a nonsignificant increase comparing the dormant-
and growing-season burns (ANOVA, F1,3=0.214, p=0.675). While there were no sig-
nificant differences between means for any priority species, there are some notewor-
thy changes (Table 4). Dickcissels declined in occurrence within the growing-season
burned plots compared to the dormant-season treated plots. Field sparrows increased
following the growing-season burns (as seen in Table 4) but were also more abundant
in growing-season plots compared to dormant-season plots (p=0.24). Northern bob-
whites experienced a sizable decline from the dormant-season burned plots to the
growing-season treatment plots (p=0.11).
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Table 3: List of plant species with comparisons of means and significance values (α = 0.05)
of paired plot data from plots burned as assigned per original study design. The dormant
refers to those plots burned in the dormant season while growing refers to those burned in
the growing season.
Common Name (Scientific Name) Dormant Growing p-value
Canada Goldenrod (Solidago canadensis) 0.95 0.94 0.81
Black Raspberry (Rubus occidentalis) 0.005 0 0.32
Little Bluestem (Schizachyrium scoparium) 0.24 0.26 0.72
White Wild Indigo (Baptisia alba) 0.14 0.05 0.002
Annual Ragweed (Ambrosia artemisiifolia) 0.14 0.2 0.09
Showy Goldenrod (Solidago speciosa) 0.01 0 0.16
Common Milkweed (Asclepias syriaca) 0.14 0.005 <0.001
Sweet Clover (Melilotus spp.) 0.08 0.09 0.71
Red Clover (Trifolium pratense) 0 0.02 0.045
Canada Thistle (Cirsium arvense) 0 0.005 0.32
Foxglove Beardtongue (Penstemon digitalis) — — —
Cup Plant (Silphium perfoliatum) 0 0.08 <0.001
Rosinweed (Silphium integrifolium) 0.03 0.15 <0.001
Wild Bergamot (Monarda fistulosa) 0.18 0.39 <0.001
Smooth Brome (Bromus inermis) 0.006 0.02 0.18
Pale Purple Coneflower (Echinacea pallida) 0.16 0.24 0.049
Various Sedge Species (Carex spp.) 0.006 0.03 0.1
Partridge Pea (Chamaecrista fasciculata) 0.02 0.006 0.18
Black-eyed Susan (Rudbeckia hirta) 0.08 0.33 <0.001
False Boneset (Brickellia eupatorioides) 0.01 0 0.16
Canada Wild Rye (Elymus canadensis) 0.017 0.072 0.01
Daisy Fleabane (Erigeron annuum) 0.289 0.306 0.73
New England Aster (Symphyotrichum novae-angliae) 0 0.01 0.16
Wild Carrot (Daucus carota) 0 0.01 0.16
Illinois Tick Trefoil (Desmodium illilnoense) 0.438 0.444 0.92
Yellow-headed Coneflower (Ratibida pinnata) 0.42 0.44 0.67
Indian Grass (Sorghastrum nutans) 0.18 0.04 <0.001
Hemp Dogbane (Apocynum cannabinum) 0 0.005 0.32
Timothy Grass (Phleum pratense) — — —
Sawtooth Sunflower (Helianthus grosseserratus) — — —
Rattlesnake Master (Eryngium yuccifolium) 0.08 0 <0.001
Lance-leaved Coreopsis (Coreopsis lanceolata) 0.01 0 0.16
Big Bluestem (Andropogon gerardii) 0.07 0.07 1
Switchgrass (Panicum virgatum) 0 0.005 0.32
Prairie Dock (Silphium terabinthinaceum) 0.02 0.04 0.13
Prairie Spiderwort (Tradescantia bracteata) 0.01 0 0.16
Compass Plant (Silphium laciniatum) 0.01 0.04 0.09
Illinois Bundle Flower (Desmanthus illinoensis) 0.006 0 0.32
Round-Headed Bush Clover (Lespedeza capitata) 0.14 0 <0.001
Shooting Star (Dodecatheon meadia) 0 0.01 0.16
Wild Quinine (Parthenium integrifolium) — — —
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Table 4: List of plant species with comparisons of means and significance values (α = 0.05)
of paired plot data from plots burned as assigned per original study design. The dormant
refers to those plots burned in the dormant season while growing refers to those burned in
the growing season.
Common Name (Scientific Name) Dormant Growing p-value
Bobolink (Dolichonyx oryzivorus) 0.5 1 0.182
Common Yellowthroat (Geothlypis trichas) 1.25 1.75 0.495
Dickcissel (Spiza americana) 20.5 19.75 0.867
Eastern Meadowlark (Sturnella magna) 3.25 1.75 0.182
Field Sparrow (Spizella pusilla) 1.25 5.25 0.24
Grasshopper Sparrow (Ammodramus savannarum) 0 0.25 0.391
Mourning Dove (Zenaida macroura) 0.25 0.25 1
Northern Bobwhite (Colinus virginianus) 5.75 1.75 0.11
Discussion
The variables most likely to characterize the growing-season burn effects were the
amount of litter cover, bare open area, and graminoid cover. The growing-season
burn treatment appeared to be effective at reducing litter cover (see Fig. 5). Be-
tween the pre-burn and post-burn surveys, litter cover was reduced by an average
of 16% between the six plots. Ecologically, this would support the increase in open
(bare) ground seen between the dormant and growing-season treatments (see Fig.
7). Graminoid cover increased only slightly between pre- and post-burn samples (See
Fig. 5). The increase in graminoid cover post-burn may be attributed to the lower
intensity (reduced rate of spread and less/lower quality fuel) of the growing-season
burn (Weir 2009) and the increase of warm season grasses like big bluestem, little
bluestem, and Indian grass (Table 1). The higher percentage of graminoid cover in
dormant-season burned plots compared to growing-season burned plots (Fig. 7) may
also be indicative of growing-season burns having lower intensity (Weir 2009).
Plots burned during the growing-season had a significant increase in the cover of
forbs post-burn. This disturbance encouraged growth of weedy species like Canada
goldenrod, sweet clover (Melilotus spp.), and annual ragweed (Ambrosia artemisiifo-
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lia) (See Table 1). Along with the aforementioned species, growing-season burns also
encouraged the growth of quality indicator species like daisy fleabane (Erigeron an-
nuum), cup plant, and prairie dock (Silphium terabinthinaceum). Shrub cover was
significantly reduced from the growing-season burn between 2016 and 2017. In com-
parison to the dormant-season plots, black raspberry was not even present in the
growing-season paired plots before the fire (Table 3). Legume cover significantly de-
creased after the growing-season burn treatment in both datasets. The most common
legume on these plots was partridge pea which likely lost flower mass that burned away
with the litter. The paired plots generally had more legume presence, like partridge
pea, round-headed bush clover (Lespedeza capitata), and white wild indigo (Baptisia
alba) in the plots that received dormant-season burns rather than growing-season
burns (Table 3).
An initial look at the plant species richness comparisons between paired plots
yielded 11 plant species with significant differences in occurrence between dormant-
season and growing-season treatments (Table 3). These species were: white wild
indigo, common milkweed, cup plant, rosinweed, wild bergamot (Monarda fistu-
losa), pale purple coneflower (Echinacea pallida), black-eyed Susan, Canada wild rye
(Elymus canadensis), Indian grass, rattlesnake master (Eryngium yuccifolium), and
round-headed bush clover. Plots with growing-season burns had greater abundances
of cup plant, rosinweed, wild bergamot, and black-eyed Susan. Growing-season burns
reduced graminoid cover largely composed of common bunchgrasses. Despite this
decrease, the plots subjected to growing-season burns had generally higher concen-
trations of graminoids than those subjected to dormant-season burns. This may be a
result of burn response from warm season grasses like big bluestem, little bluestem,
and Indian grass among others. Growing-season burns seem to have an overall positive
effect on plant species richness. As mentioned earlier, these burns encourage weedy
species like Canada goldenrod and sweet clover. The growing-season burns make it
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easier to target invasive species like sweet clover with herbicide with the reduction
in surrounding vegetation (Schwegman and McClain 1985). While many forbs ben-
efited from the growing-season burn, the one with the largest decline was common
milkweed. Common milkweed is a quality forb that thrives in dormant-season burns
but declines drastically in plots with growing-season burns (Towne and Kemp 2008).
I expected the avian diversity to vary as a result of changes in habitat, particularly
with a decline of species in the growing-season burned plots as these occurred after
peak breeding season (Reside et al. 2011). Bird species actually increased in units
that received a growing-season burn despite the lack of a significant difference in the
mean richness. The paired plots that received a dormant-season burn had slightly
higher bird species richness than their growing-season counterparts. The majority
of birds in this study are commonly seen in grasslands and nearly half of the bird
species prefer edges of agricultural fields or forest edges. The Henslow’s sparrow
(Ammodramus henslowii) was detected in the Burrus Summer 2 unit but was excluded
from the restricted analysis as that plot was not managed according to study design
nor treated with a growing-season burn. Ecologically, it seems the growing-season
burns would prove effective in increasing the diversity and occurrence of desired game
bird species like the northern bobwhite. Growing-season burns are more ideal for
northern bobwhite as they prevent hardwood growth from shading out understory
vegetation and reduce ground litter as well as increase insect abundance and plant
forage (Brennan 1998, Miley and Lichtler 2009).
The paired plots showed mixed results with higher abundances of northern bob-
whites, eastern meadowlarks, and dickcissels in plots burned in the dormant season.
On the other hand, plots burned in the growing season seemed to host more field spar-
rows, bobolinks, and grasshopper sparrows. The mixed results echo findings of earlier
studies that conclude there are, overall, only minimal impacts of burn season on bird
populations (Cox and Widener 2008, Knapp 2009). The difference may be a result of
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the burn effects on the landscape. The largest difference between the growing-season
and dormant-season burns tended to be from the shaping of the landscape. Generally,
the landscape is patchier following the growing-season burns. I found similar patch-
iness in this study as bunchgrasses became less widespread but more concentrated
in tufts as observed in other studies (Weir et al. 2017). This patch-burn landscape
creates a mosaic that satisfies the biological needs of several bird species (Coppedge
2008). The landscape is also lacking in woody vegetation as a result of smaller woody
stems being reduced by growing-season burns (Schwegman and McClain 1985). Con-
versely, the northern bobwhite, eastern meadowlark, and dickcissel prefer medium
grass height but are more tolerant of woody vegetation being present in areas of pre-
dominantly medium or tall grass. In this study, only dickcissels and field sparrows had
statistically significant increases following the growing-season burn (Table 2) whereas
most birds increased in mean abundance from pre- to post- growing-season burns.
This could suggest growing-season burns are beneficial to priority bird species, but
the benefits are not as clear cut as those from dormant-season burns depending on
management goals (Table 4, see also Byers 2017).
From an ecological perspective, the ability for growing-season burns to reduce in-
vasive and overly aggressive plant species and woody encroachment helps to promote
open landscapes for successional growth and restoration. In turn, the bird species
that prefer more diverse mixed grasslands can thrive. I observed this pattern in my
own research as well as in other recent studies (Elliott and Johnson 2017)). From a
management standpoint, the use of growing-season burns allows managers to open
up recreational game bird hunting opportunities for quail and pheasants. The delay
brought on with planning growing-season burns allows the use of time and resources
on other projects during the June breeding season as well as offering more appropri-
ate weather conditions in which to execute prescribed burns (Hewett Ragheb 2019).
Growing-season burns tend to be most effective when applied with mixed manage-
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ment techniques like spraying, mowing, and grazing (Decker and Harmon-Threatt
2019). Between the results of this study and other research, I feel it is clear that im-
plementing growing-season burns is effective and efficient logistically and ecologically.
I believe the largest shortcomings of this project are the incomplete burn effects on
dormant- and growing-season burn comparisons and the short timeline of this project.
First, it is unfortunate that Willow Creek had 60% burn completion in the growing-
season plots compared to 100% completion in the dormant-season plots. This could
introduce some heterogeneity in cover class comparisons (potential increase in bare
ground, loss in litter and graminoids). This incomplete burn could also impact plant
species richness if more bunch grasses could have been removed. The unburned litter
and graminoids could potentially increase the richness of ground-nesting birds that
prefer litter like the northern bobwhite.
As this is a restoration technique and the aim is to address the efficiency of
growing-season burns in comparison to dormant-season burns, the study would ide-
ally take several years post-burn to really get a strong representation of the long-term
impacts of growing-season burns. In the east-central Illinois grassland landscape,
long-term studies encompassing several seasons of growing-season burns would be a
great expansion to this project. Based on this study, it would be reasonable to expect
a more diverse grassland habitat and further heterogeneity within the landscape fol-
lowing successional uses of growing-season burns. Future research on growing-season
burns would be useful with the inclusion of more research sites and larger study ar-
eas. An extensive study would also provide a greater understanding of successional
species and possible birds that utilize certain vegetation. As grassland birds are chal-
lenged by habitat fragmentation, understanding when and how often to burn an area
provides one more optimistic approach to protecting, and hopefully restoring, the
ever-declining area-sensitive species and prairies.
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